Introduction
The high operating temperatures (-1000°C) of solid oxide fuel cells (SOFCs) can lead to complex materials problems which include electrode sintering, inerfacial diffusion between electrolyte and electrode materials, and mechanical stress due to different thermal expansion coefficients of the cell components. Such problems have limited the commercial development of SOFCs. Accordingly, it may be desirable to operate SOFCs at reduced temperatures (within the practical range for methane reforming), assuming this can be done without sacrificing performance. Lower operating temperatures allow a wider choice of materials to be used as interconnects, including metal alloys. Approaches to minimize resistive losses across the electrolyte have included replacing YSZ by alternative electrolyte materials with higher ionic conductivity, and/or reducing the thickness of the solid oxide electrolyte from that in conventional cells (100 to 200 plm) to approximately 10 Lim.
Several methods for depositing thin films onto porous subtrates (CVD/EVD, sputtering, sol-gel deposition among others) have been reported. 5 In this paper we describe an inexpensive approach for thin-film deposition using colloidal techniques, and the exceptional performance attained for SOFCs fabricated with this procedure.
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Experimental
Yttria-stabilized zirconia (YSZ) powder from Tosoh Corporation and nickel oxide (NiO) powder from J. T. Baker was mixed approximately as 50/50 weight percent (w/o), respectively. The anode powders were then compacted under uniaxial pressure. Green NiO-YSZ anode disks were subsequently fired at 950°C for 4 h to coarsen the microstructure. YSZ powders mixed in isopropanol were sonicated with a high intensity ultrasonic probe to form a stable colloidal dispersion of submicron polycrystalline electrolye powders. To avoid cracking of the YSZ thin film due to stress built up by the 2D confinement of the film during sintering, the shrinkage of the substrate was carefully matched to the shrinkage profile of the YSZ thin film. In this way, the film is under compression rather than tension while sintering.6 The YSZ electrolyte film was applied with a single casting step, and the electrolyte/electrode bilayer was then fired at 1400°C for 4 h to achieve a fully densified YSZ film.
La 085 Sr 015 MnO3 (LSM) powders were prepared by the glycinenitrate process as described in Ref. 7 . LSM was mixed with YSZ in a ratio 50/50 w/o. The LSM/YSZ powder was then mixed with ethylene glycol to form a paste, applied onto an NiO-YSZ/YSZ bilayer, and sintered at 1250°C for -1 h.The LSM air electrodes were -100 pLm in thickness after sintering.
Platinum mesh was used as the current collector for both the LSM air electrode and the Ni-cermet fuel electrode. Two wires were spot-welded to each current collector so that fuel cell potentials could be measured at the noncurrent carrying leads. Referem.e
Ni-ccrmct electrode YSZ film Ceramic adhesives were used to fix and seal the fuel cell/current collector structure to an alumina or zirconia tube which was used as a fuel cell testing assembly (Fig. 1 ). Hydrogen saturated with H20 at room temperature was used as fuel. Air was used as oxidant and was supplied to the cathode by ambient flow. Since the H2/H20 stream was not preheated, there was some cooling of the fuel cell relative to the furnace temperature. A platinum reference electrode was bonded onto the thin electrolyte film, at several millimeters from the working electrode on the air side. Current interrupt and/or impedance spectroscopy was used to measure the ohmic resistance of the fuel cell.
Results and Discussion
The performance of SOFCs, H2 + 3 volume percent (v/o) H20, Ni-YSZ/YSZ/La0855r05MnO3, air, were evaluated under current control. Figure 2 shows current-voltage (l-t' curves for a single cell tested at 800°C. The maximum power density achieved was 1935 mW/cm2 at a current density of 4.5 A/cm2 and cell voltage of 0.43 V (LBNL cells typically exceed 1.8 W/cm2 at 800°C). This result illustrates the exceptional performance achievable for YSZ thin-film electrolyte-based SOFCs operating at reduced temperatures. Cells of this type have been operated at power densities of 800 mW/cm2 for more than 700 h with no detectable loss in performance. Figure 3 shows the voltage drop vs. current for a thin-film cell. The total voltage drop was separated into ohmic and nonohmic contributions by the current interrupt method. The use of a reference electrode allowed separation of anodic and cathodic contributions to cell polarization. The YSZ IR drop is estimated from the known conductivity and thickness of the electrolyte (10 p.m). As can be seen from 
L37

Conclusions
A highly successful procedure has been developed which allows deposition of thin-film ceramics on highly porous substrates. The methodology is inexpensive and scalable. Thin-film SOFCs fabricated using these techniques demonstrate performances of close to 2 W/cm2 at 800°C. Current interrupt techniques indicate the majority of the voltage loss at high current density is due to ohmic losses, most likely associated with cathode/electrolyte contact resistance (0.1 i cm2). The exceptional performance of the thinfilm SOFC5 implies that reduced temperature operation is possible while still maintaining high power density.
Introduction
Selective chemical etching of Si or Si1 Ge,, has become a key technique in the fabrication of Si1 Ge/Si heterojunction devices14 and new kinds of structures.5'7 In the fabrication process of the heterojunction device employing thin Si or Si1Ge layers, for example, it is often necessary to contact to buried Si or Si1 Ge layers. To make contact to buried Si,.,,Ge, layers one needs to etch Si and vice versa. Thin film bond and etchback silicon on insulator (BESOI) of good quality was fabricated using a strained Si07Ge03 as an etch-stop layer. An important process of the fabrication was to selectively etch Si over the Si0 7Ge53. Recently, we proposed and successfully fabricated Si quantum wires based on selectively removing Si1 Ge, from a Si/Si1 AGe, trench array. 7 During the last several years, therefore, the characteristics of several chemical wet etchants for selectively etching Si1Ge
Electrochemical Society Student Member. and/or Si on Si1 Ge/Si heterostructures have been investigated.5"1 Among them, two aqueous etchants to selectively etch Si over Si Ge, were reported. One is the etchant composed of KOH:K2Cr2O7:propanol:H2O. 6,10 A selectivity of 40:1 was obtained recently in etching Si over B-doped Si07Ge03, but it is completely isotropic and requires the use of a hard mask.1° Another is the mixture of ethylenediamines, pyrocatechol, and water (EPW), which was reported to etch Si over Si/Si1 ,Ge,, (x> 0.2) with a high selectivity.11 For a practical application, however, a selective chemical etching should be compatible with silicon integrated circuit (IC) processes. As a result, IC-compatible, nontoxic, anisotropic, simple, and highly selective etchants become important for processing high performance devices. Solutions based on ammonium hydroxide-water mixtures have been widely used in Si IC processes.12 Koyama et al. investigated the etch characteristics of Si Ge, alloy in an ammoniac wet cleaning solution NH4OH:H2O2:H2O.
It was observed that the etch rate of Si .,Ge was in the order of 
